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Semiconductor companies in Japan are making major investments in quantum devices 
technology. The interest in quantum devices by Japanese firms is largely due to the commercial 
success of the HEh4T, and quantum well lasers in satellite broadcasting and optical 
communications. The key issue all researchers face is: how to fashion these novel materials, 
quantum wells,, wit'es and dots into working devices. In this article I will show how Japanese 
workers are very serious about quantum devices, warn that European and American 
manufacturers are in real danger of being left out by their failure to back fundamental research, 
and report on the research activities of the laboratories I visited. 
J 
apan is both old and new, and 
the two aspects of its culture 
seem to coexist in a benign 
q~nvironment. The nation s preoccu- 
pation with robotics, supercompu- 
ters and industrial dreams for the 
future does not appear to conflict 
with its deep-seated devotions to the 
tea ceremony, flower arrangement or
other traditional arts and crafts. For 
example,  a l though Tokyo is the 
political, economic and transporta- 
tion centre for the nation it still 
preserves many of Japan's unique 
traditions. Different areas of town 
demonstrate the city's diversity: Gin- 
za and Shinjuku are bustling com- 
mercial centres, Asakusa evokes the 
old 'Vshitamachi" (downtown) and 
Roppongi exemplifies Tokyo's lively 
night life. A special charm of Japan is 
its tradition of courtesy and hospital- 
ity. The deep bow of greeting, the 
shout of "Iras-shaimase!") as guests 
enter a restaurant all carry forward 
through time a warm-hearted cordi- 
ality that is age-old. 
Whatever you have in mind as you 
plan a visit to Japan, rest assured that 
you are coming to a country that 
cherishes its past as much as the 
present and future, its natural attrac- 
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Figure !. Key events in the history oI~JRDC. 
t ions as much as its man-made 
achievements. Japan is also one of 
the few countries in the world where 
visitors can walk around safely at any 
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time of night or day. 
However, a word of caution, prices 
in Japan are astronomical .  As a 
traveller, if you need to be budget- 
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minded avoid Japan unless someone 
else is picking up the bill. For 
example, finding a congenial drinking 
spot within your budget can pose a 
problem. 
Recent research in semiconductor 
device technology seems to be fo- 
cused on reducing costs and decreas- 
ing the power  diss ipat ion of 
traditional silicon CMOS integrated 
circuits rather than developing new 
and advanced semiconductor de- 
vices. However, semiconductor  
structures whose dimensions are 
comparable with inter-atomic dis- 
tances in solids are of great scientific 
interest and excitement, and their 
novel properties caused by quantum 
effects offer high potential for appli- 
cation in new devices. The Japanese 
scientists and engineers are prepar- 
ing the ground for this new genera- 
tion of devices that put these effects 
to work. 
The companies working on quan- 
tum devices include Fujitsu, NTT, 
Hitachi, Matsushita, Mitsubishi, NEC, 
Sony, Sumitomo Electric and Toshiba. 
Similar research efforts are underway 
at universities and government insti- 
tutes. While Japan is investing so 
heavily in quantum devices related- 
research, AT&T Bell Labs in the US 
have scaled down their activities and 
IBM, Bellcore, Philips have left the 
field altogether. 
Research Deve lopment  
Corporat ion of Japan ( JRDC)  
JRDC is a public corporation estab- 
lished by special statute with the 
government funding. JRDC is one of 
the key organisations for implement- 
ing policies of the Science and 
Technology Agency (STA). JRDC, 
which was established in 1961 after 
Japan's economy had passed through 
the post-war ecovery period, began 
with technology transfer programme 
to actively nurture technology in 
Japanese industry based on excellent 
research results obtained in national 
laboratories and universities (See 
Figure 1). 
The distinctive feature of JRDC was 
the promotion of research and devel- 
opment by establishing crosslinks 
among excellent researchers and 
organisations in industry, academia 
and government. 
JRDC is now developing overall 
science and technology promotion 
systems in three main areas (see 
Figure 2 for JRDC operating funds): 
basic research, technology transfer 
and international research exchange. 
i. Basic research 
JRDC promotes basic research 
through Explanatory Research for 
Advanced Technology (ERATO), In- 
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Figure 2. JRDC operating funds. 
ternational Joint Research Program, 
and Precursory Research for Embryo- 
nic Sc ience and Techno logy  
(PRESTO). 
ERATO gives selected individual 
researchers the chance to research 
their own ideas in flexible research 
teams through projects strictly lim- 
ited to five-year terms. The selected 
project directors assemble groups of 
talented researchers drawn from in- 
dustry, academia, government and 
abroad to work together in labora- 
tories which are located to best serve 
the group. 
The International Joint Research 
Program, an international version of 
ERATO, sets up cooperative basic 
research projects between JRDC 
and foreign research organisations 
based on the principle of equal 
sharing of costs and facilities. 
PRESTO was initiated to provide 
individual researchers with opportu- 
nities to conduct precursory creative 
research which cannot be easily 
carried out within conventional orga- 
nisations. 
ii. Technology t ransfer  
JRDC promotes the transfer of re- 
search results from ERATO, national 
laboratories, universities, and other 
sources to industry through High 
Technology Consortia, Cooperative 
Technology Development (CTD), 
and Technology Transfer Facilitation 
(TTF). The objective for all is to 
transfer esearch results effectively, 
to broaden the applications of re- 
search results, to actively promote 
development, to raise the level of 
industry, and to build towards better 
living. 
Through CTD, JRDC promotes the 
development of excellent research 
results that are difRcnlt for industry 
to develop in its own. JRDC also 
reduces the risks by providing no- 
interest funding which is repaid only 
if development is successful. 
iii, Intm-national Rm~aroh  
Bxohange 
The aim of this program is to 
strengthen i ternational cooperation 
in Japan's science and technology 
activities. This is implemented 
through the STA Fellowship Program 
which provides foreign researchers 
with opportunities to conduct re- 
search at Japan's national laboratories 
and other organisations. 
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Fuj i tsu Quantum Dev ices  
Umi ted  (FQD)  
FQD is located in the outskirts of 
Kofu city (Yamanashi prefecture), a 
geographically important area, con- 
necting the industrial areas of the 
Pacific Ocean and the Japan Sea 
coasts. Yamanashi s well noted as 
an inland industrial prefecture with 
both advanced technological and 
traditional industries. Among the 
various products of Yamanashi, the 
grapes, peaches and plums are the 
most famous and ranked as the best 
and most plentiful in Japan. The 
wines made of Koshu grapes are well 
known all over the world. 
FQD, a subsidiary of Fujitsu Ltd 
(Japan's largest computer producer), 
was established in 1991, was funded 
to around £200 million, and specia- 
lises in compound semiconductors 
(see Figure 3 for a brief history of 
FQD). 
During the 1980s the modulation- 
doped field-effect ransistor (MOD- 
FET) was developed by Fujitsu into 
an attractive high-speed/low-power 
alternative to conventional Si transis- 
tors in digital applications. Several 
acronyms are used for these transis- 
tors including HEMT (high electron 
mobility transistor), TEGFET (two- 
dimensional electron gas FET) and 
SDHT (selectively doped heterojunc- 
tion transistor). However, nowadays 
HEMT is the preferred acronym. 
HEMTs are already commercially 
available in satellite communications, 
and have made a great impact in the 
expansion of the broadcasting satel- 
lite market. FQD produces around 3 
million HEMTs every month, and if 
you own a satellite television the 
chances are that the amplifier on 
your dish has one of these. FQD 
currently operate three MBE multi- 
wafer systems which are capable of 
growing on 3 and 4 inch substrates. 
One of the system is capable of 
simultaneous growth of three 4-inch 
wafers. All the MBE reactors were 
designed by Fujitsu's engineers. FQD 
also makes lightwave devices for 
optical communications and micro- 
wave devices. 
Also at LSI level of complexity 
HEMT technology has shown excel- 
lent speed performance. A 64 kbit 
static RAM with an address access 
time of 1.2 ns and 45 k gate array 
with 35 ps logic delay have been 
achieved at room temperature; both 
of these are the fastest circuit opera- 
tions ever reported. These complex- 
ities are a critical threshold in making 
HEMT technology practical in future 
high-speed computer and communi- 
cation systems. 
FQD also houses two mass-produc- 
tion MOVPE reactors where the 
quantum well lasers are grown. Less 
hazardous organic Group V precur- 
sors are used, namely tertiarybutylar- 
sine (TBA) and ter t ia rybuty l -  
phosphine (TBP). They are less toxic 
than arsine and phosphine and are 
liquid at room temperature. So 
should a large leakage occurs, the 
danger of exposure would be limited 
due to the lower toxicity and lower 
cylinder pressure. 
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figure 3. Brief history of Fujitsu quantum devices. 
Several other projects on quantum 
devices are underway at Fujitsu's 
Quantum Electron Devices Labora- 
tory at Atsugi which are of potential 
commercial significance, including 
quantum functional room tempera- 
ture transistors, quantum box devices 
and single electron devices. As an 
illustration of the progress made in 
this field of quantum devices I will 
briefly mention the resonant tunnel- 
ling hot electron transistor (RHET) 
which was developed in 1985 by 
Naoki Yokoyama at Fuiitsu's Atsugi 
laboratories. It is believed that the 
RHET is the first quantum effect 
device that controls quantum me- 
chanical effects occurring in nan- 
ometer structures. RHETs enabled 
them to reduce the number of 
transistors and resistors in logic and 
memory circuits. Full adder circuits 
have been demonstrated, using one- 
quarter the number of transistors 
required to build a conventional 
silicon bipolar adder, half the supply 
voltage and one-tenth the power 
consumption. The circuit also func- 
tionned six times as fast as the 
conventional circuit. Using this tech- 
nology memory chips are thought o 
require only one-tenth as many com- 
ponents as their conventional coun- 
terparts. RI-IL~s are currently being 
applied in logic and memory circuits, 
the basic building blocks of compu- 
ters, using multi-emitters for, what 
Fujitsu calls, the 21st Century cryoe- 
lectronics systems including high- 
end supercomputers and high per- 
formance image processing systems. 
The Ministry of International Trade 
and Industry (MITI) has funded 6 
projects under its $50 million Quan- 
tum Functional Devices Programme, 
which started in 1991 and will run 
until the year 2000. The companies 
which receive support are Fujitsu, 
NEC, Hitachi, Sony, Matsushita, and 
Motorola in Phoenix. So far Fujitsu 
has made the most progress. 
Part 2 of this article will appear in 
the next issue of III-Vs Review. 
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